ABSTRACT: An experiment was conducted to study P digestibility in mature horses because of the growing environmental concerns regarding P runoff and previous equine research focused mostly on young and growing animals or used ponies as a model. Phytase supplementation of swine and poultry diets can result in greater phytate-P digestibility, leading to a decreased need for inorganic P supplementation and a decrease in P excreted to the environment; this, however, has not been demonstrated in the horse. Six mature Arabian geldings were fed 6 diets consisting of pelleted concentrate and alfalfa hay. The concentrates consisted mainly of soybean hulls, ground corn, wheat midds, broken rice, and beet pulp, and phytase was added to the concentrates accordingly before pelleting. There were 3 diet types: control (concentrate and hay), high P (greater P concentrate and hay), and forage only, and each diet type included 1 phytase-supplemented diet and 1 nonphytase-supplemented diet, resulting in 6 total diets.
INTRODUCTION
Phytic acid (myoinositol 1,2,3,4,5,6-hexakis dihydrogen phosphate), the primary storage form of P in the seeds of plants, is very abundant in cereal grains and some legumes. Phytase (myo-inositol hexaphosphate phosphorohydrolase) catalyzes the removal of 1 or more inorganic orthophosphates from the phytic acid molecule (Nayni and Markakis, 1986) . The P from phytic acid, or phytate, is highly available to ruminants (Field et al., 1984; Morse et al., 1992) but is relatively unavailable to swine and poultry (Soares, 1995) . Supplemental phytase from microbial sources has proven to be benefi cial in increasing phytate-P availability in swine (Liu et al., 1997; Murry et al., 1997; O'Quinn et al., 1997) and poultry (Simons et al., 1990; Kornegay et al., 1996; Yi et al., 1996) and, therefore, decreasing P excretion into the environment. Phosphorus causes eutrophication of bodies of water, increasing algae growth, decreasing oxygen levels, and has many detrimental effects to fi sh and other aquatic life (Knowlton and Cobb, 2006) . Previous studies in horses have shown no effect of phytase supplementation on P digestibility (Patterson et al., 2002; Hainze et al., 2004; Van Doorn et al., 2004) although few have reported phytate content of the diet and feces. Determining the phytate balance provides additional information on the effi cacy of phytase supplementation to equine diets. The purpose of this study was to determine if phytase supplementation increases P digestibility in mature idle horses fed diets with low P concentrations compared with greater concentrations commonly used in the industry and to determine phytate digestibility in a more typical equine diet. Also, there are known interactions between P, Ca, and Mg that may affect absorption, and phytase has been shown to affect Ca and Mg availability. Therefore, Ca and Mg balance were also examined. It was hypothesized that feeding supplemental phytase would increase phytate and P digestibility and decrease fecal P.
MATERIALS AND METHODS
The Michigan State University Institutional Animal Care and Use Committee approved all methods.
Animal Management
Six mature idle Arabian geldings (16.0 ± 0.3 yr) were used in a study using a 6 × 6 Latin square design of treatments, such that during each period each diet (concentrate and forage) was fed, and each horse received all diets by the end of the study. For more than 1 yr before the start of the experiment, all animals were housed in large mixed-grass pastures at the Michigan State University Horse Teaching and Research Center with free access to grass hay, water, and a trace-mineralized salt block. On the fi rst day of the study, animals were moved into 3 by 3 m stalls bedded with wood shavings. Horses were housed in the stalls during the study from June 9 to September 1, 2008. Horses were turned out during the day between feeding times in a dry lot with free access to water. The study consisted of 6 continuous 14-d feeding periods, each with 11 d of diet adaptation and 3 d of total urine and fecal collection; similar collection protocols have been previously used (Patterson et al., 2002; Hainze et al., 2004; O'Connor et al., 2008) . Horses were weighed twice before the start of each new period, and the average of the 2 BW was used for feed calculations. The BCS was determined (Henneke et al., 1983) before the start of each new period. The BCS recorded was the average of assessments from at least 3 trained researchers.
Diets
Alfalfa hay was included in all diets; hay bales were core sampled before the start of the study, and mineral values were used to formulate the concentrate portion of the diets. The diets (concentrate and forage, or forage and nominal concentrate for the forage only diet) included control diet (Con), control diet plus phytase supplement (Con + Phy), high P diet (HIGH), HIGH plus phytase supplement (HIGH + Phy), forage only (For), and forage plus phytase supplement (For + Phy). Phytase (Optiphos 4000 PF; JBS United, Sheridan, IN) was added to the respective concentrates before pelleting. The phytase source used is stable at normal pelleting temperatures, so substantial loss of activity was not expected because of pelleting. Phytase activity was determined in the fi nal pelleted product. All diets were initially fed at 1.5% of horse BW (one half of the total diet being fed at each of 2 feedings per day), with intake being altered in 3 horses to prevent BCS changes greater than 1 unit and to comply with farm requirements. Specifi c horses were fed at 1.25% of BW to ensure they were not gaining excessive BW. This was done for 1 horse for feeding periods 3 to 6, a second horse for period 3 only, and a third horse for period 6 only. Differences in total feed intake were accounted for in mineral balance calculations. The fi rst 4 diets consisted of a concentrate to hay ratio of 40:60 on an as-fed weight basis. In the For + Phy diet, forage was fed at 1.498% BW and concentrate (containing only phytase and ground corn formed into pellets) at 0.002% BW whereas the For diet was entirely forage (Table 1) . Concentrates were sampled throughout the study for determination of mineral content (Tables 1  and 2 ). Horses were fed at 0700 and 1600 h daily. Orts were collected before the morning feeding and weighed. Feed refusals were rare, but total feed consumed was recorded. Horses had continuous access to water.
Total Collections
At the start of each 3-d collection period, total collection devices (TCD; Equisan Marketing, Melbourne, Australia) were fi tted to each animal. The TCD were completely emptied of feces and urine at 8-h intervals throughout the entire 3 d into plastic containers. Total volume of the urine was measured and recorded at each interval; a 10% sample of mixed urine from each interval was kept frozen in screw top plastic bottles. Feces were weighed, recorded, and mixed and a 10% sample of feces from each interval was kept in a plastic bag. All samples were frozen at -20°C immediately after collection. After the completion of the collection period, all samples for a horse were pooled and thoroughly mixed, and a representative sample of urine and feces was retained for analysis. A fasting 10-mL blood sample was obtained from each horse via jugular venipuncture (20 gauge 3.8 cm needle; Becton Dickenson, Franklin Lake, NJ) into a glass tube (BD Vacutainer; BD Frankline Labs, Franklin Lake, NJ) before the start of each collection. All blood samples were kept on ice for approximately 20 min. Samples were centrifuged (1,422 × g; GS-6KR Centrifuge; Beckman, Fullerton, CA) for 15 min at room temperature. Serum was pipetted off, placed into duplicate micro-centrifuge tubes, and frozen at -20°C. Frozen fecal samples were thawed and then oven dried for 24 h (Thelco, Precision Scientifi c, Winchester, VA), and then fecal and feed samples were ground through a 1-mm screen (Cyclotec 1093 sample Mill; Foss, Eden Prairie, MN) before analysis.
Mineral Analysis
A portion of urine was acidifi ed with 12 M HCl (EMD Chemicals, Inc., Gibbstown, NJ) at a rate of 25 μL/mL of urine to ensure all precipitate was in solution (O'Connor and Nielsen, 2006) . Acidifi ed urine was used for Ca and Mg analysis and nonacidifi ed urine was used for P analysis.
Fecal and feed samples were microwave digested as described by Shaw et al. (2002) . Briefl y, approximately 0.4 g of fecal or feed sample was measured into a Tefl onlined digestion vessel, 10 mL of 70% nitric acid (70% trace-metal grade; Fisher Scientifi c, Pittsburgh, PA) was added to each sample, and then samples were allowed to digest for 24 h lightly covered at room temperature. Vessels were placed in the microwave assembly and inserted into the microwave accelerated reaction system (MARS-5; CEM Corp., Matthews, NC). Samples were run at 1,200 W, 100% power, 1,379 kPa max., and 190°C, with a ramp time of 30 min and a hold time of 10 Ca:P 4.3 4.8 3.3 3.8 6.0 5.5 1 Con = control diet; Con + Phy = Con plus phytase diet; HIGH = high P diet; HIGH + Phy = HIGH plus Phy diet; For = forage diet; For + Phy = For plus Phy diet.
min. Samples were allowed to cool in a hood for 5 min and then 2 mL of 30% hydrogen peroxide (J. T. Baker, Phillipsburg, NJ) were added. After 15 min, samples were brought to volume with double deionized H 2 O, and samples were stored at room temperature. All glassware used in the mineral analyses was washed in 30% nitric acid and rinsed with double deionized water.
Samples were vortexed thoroughly before being used for assays. Digested fecal and feed samples were all diluted 10x with double deionized water whereas urine was run with no dilution. Serum samples for the P assay were precipitated with 12.5% trichloroacetic acid (Mallinckrodt Baker, Phillipsburg, NJ) to remove interfering proteins and centrifuged (910 × g for 15 min at room temperature) and the supernatant was used for the assay; samples were run at a 4x dilution. Samples of water provided to the horses were assayed for mineral content as well. For determination of P in all samples, after initial preparation, 50 μL of sample was pipetted, in duplicate, into well plates, and then 250 μL of molybdate-sulfuric solution and 25 μL of p-methylaminophenol (Elon, p-methylaminophenol sulfate; Eastman Kodak, Rochester, NY; Kaplan and Pesce, 1989) solution were added; samples were vortexed and incubated (at room temperature) for 45 min. The liquid digests, urine, and serum samples were analyzed for P using a spectrophotometer (DU 7400, BeckmanCoulter, Fullerton, CA) at 700 nm (Gomori, 1942) .
Phytate concentration of feeds and feces was determined colormetrically as described by Latta and Eskin (1980) . Briefl y, 1 g of each sample was digested in duplicate with 20 mL of 2.4% HCl for 1 h. Samples were centrifuged (2,131 × g for 15 min at room temperature) and the supernatant was used. For fecal samples, 6 mL of sample and 6 mL of double deionized H 2 O were mixed. For feeds, 0.5-mL sample and 12 mL double deionized H 2 O were mixed; 10 mL of the diluted sample was then pipetted onto an anion column (BioRad Resin, Anion, 200-400 Mesh AG 1-X8, chloride form; BioRad, Hercules, CA). The column was eluted with 15 mL of 0.1 M NaCl so that phytate alone remained on the column. The column was then eluted with 10 mL of 0.7 M NaCl, and the sample was collected. The reagent (Wade's Reagent, 1.1 mM ferric chloride, Mallinckrodt Baker, Phillipsburg, NJ; 11.8 mM sulfosalicylic acid; Fisher Scientifi c, Fair Lawn, NJ) was added to the sample and centrifuged (3,018 × g for 10 min at room temperature). Samples were read on a spectrophotometer (DU 7400; Beckman-Coulter, Fullerton, CA) at 500 nm, with the Ca salt of phytic acid containing 23.98% P (P9539; Sigma-Aldrich, St. Louis, MO) used to prepare the standard curve. The assay measures the number of phosphate ester bonds and assumes that a phytate molecule contains 6 P molecules.
Calcium and Mg concentrations in feeds, feces, urine, and serum were determined by atomic absorption spectroscopy (Unicam 989; Thermo Electron Corp., Franklin, MA). A bovine liver standard (1577b; National Institute of Standards and Technology, Gaitherburg, MD) was digested and analyzed with the samples against the same inorganic standard for each element (atomic absorption standards: CertiPUR, EMD Chemicals Inc., Gibbstown, NJ; P standard: LabChem Inc., Pittsburgh, PA).
Phytase Activity Analysis
Determination of phytase activity for the Con + Phy, HIGH + Phy, and For + Phy concentrate portions of their respective diets was determined (Eurofi ns Scientifi c Inc., Des Moines, IA). Feed samples were taken 84 d into the study and frozen until analysis. The enzyme was incubated with a known concentration of the sodium salt of phytic acid. Incubation was terminated by the addition of molybdate/vanadate color stop reagent, forming a colored complex with the phytase-liberated phosphate. The concentration of this colored complex was then determined spectrophotometrically at 415 nm. The concentration is directly proportional to the phytase activity of the sample. One phytase unit (FTU) is defi ned as the amount of enzyme, which liberates 1 μmol inorganic ortho-phosphate/min from 0.0051 mol/L sodium phytate at pH 5.5 and 37°C
Calculations
Mineral concentrations, feed intake, and the amount of urine and feces excreted were used to calculate average mineral intake and urinary and fecal mineral excreted per day. As urinary P was negligible (0.03 to 0.05 g/d), P balance was calculated as P balance = (intake of P) -(output of P in feces).
Ca and Mg balance were calculated as Ca (or Mg) balance = (intake of mineral) -(output of mineral in feces and urine).
The percent apparent digestibility (AD; %) of P, Ca, and Mg was calculated as AD = (mineral balance × total intake of mineral -1 )100.
All P calculations used only the amount of free P found via the Gomori (1942) procedure. Phytate P was considered separately. Phytate balance was calculated in the same manner as the corresponding P values, except phytate intake and output values were used. The difference in the amount of phytate from intake to fecal output was termed "phytate disappearance." The percent of phytate disappearance (%) was calculated as Phytate disappearance = (phytate balance × total intake of mineral -1 )100.
Statistical Analysis
Before analysis all data was tested for homogeneity variance. Mineral intake, output, and balance and serum data from this 6 × 6 Latin square design were analyzed using the MIXED model procedure (SAS Inst. Inc., Cary, NC). For the model, diet was considered a fi xed effect and horse and period as random variables. Orthogonal contrasts, again using the MIXED model procedure, were used to compare the 3 phytase-supplemented diets vs. the 3 non-phytase-supplemented diets and the effects of greater forage inclusion rate in the diet (For and For + Phy diets vs. all other diets) in the diet. Differences between variables were tested using the Tukey adjustment. Results are reported on a DM basis as least square mean ± SEM.
RESULTS
Body weight average was 478 ± 14 kg. The BCS range was 5.5 to 7.5 (average: 6.4) at the start of the study and 5.0 to 6.5 (average: 5.7) at the end of the study. Percent of total diet as-fed of dietary ingredients including concentrate and forage for each of the 6 experimental diets is summarized in Table 1 . The diets contained 0.29 to 0.45% P and 0.04 to 0.08% phytate on a DM basis. The contribution of each dietary component is provided in Table 2 . The targeted phytase activity of 800 FTU/kg was slightly greater than the actual activity in the Con + Phy and HIGH + Phy concentrates. The actual activity of the For + Phy concentrate was less than the targeted activity of 8,000 FTU/kg. Although there was a greater intake of hay on the For and For + Phy diets than the other 4 diets, there were no differences among any of the diets in total output of feces, urine, or total P output in the excreta (Table 3 ). The P intake was greatest on the HIGH and HIGH + Phy diets and least on the Con, Con + Phy, For, and For + Phy diets (Table 4 ). This did not correspond with any differences in P output, balance, and AD. The water was found to contain 0.21 to 0.41 mg P/L, which was negligible relative to P balance; therefore, it was not considered in any of the balance calculations.
Intake of Ca was greatest on the For and For + Phy diets, but there were no differences in urinary or fecal Ca output for horses fed any of the dietary treatments. The Ca balance was more positive (P < 0.05) at greater levels of intake and horses on all diets were in a positive Ca balance. There was no difference in Ca AD between the Con, HIGH, and For diets and the respective phytaseadded diets. Intake of Mg was also greatest on the For and For + Phy diets compared with the rest of the diets, but there were no differences in total urine Mg, fecal Mg, or Mg balance among all diets. Horses on all diets maintained essentially a neutral Mg balance, and there was no difference in AD among any of the diets.
Phytate intake ranged from 6.2 to 10.7 mg·kg BW -1 ·d -1 (Table 5) . Differences in intake did not result in differences in phytate disappearance, which averaged 93%. Phytase supplementation improved the phytate balance on the HIGH diet from 9.0 to 10.0 mg·kg Phytase, 2 FTU/kg -440 -530 -3,400 1 Con = control diet; Con + Phy = Con plus phytase diet; HIGH = high P diet; HIGH + Phy = HIGH plus Phy diet; For = forage diet; and For + Phy = For plus Phy diet.
2 One phytase unit (FTU) is defi ned as the amount of enzyme that liberates 1 μmol inorganic ortho-phosphate per min from 0.0051 mol/L sodium phytate at pH 5.5 and 37°C. BW -1 ·d -1 , but there was no difference in the respective percentages of disappearance. As expected, there were no differences among diets in serum concentrations of P, Ca, or Mg; all horses maintained serum concentrations within reference ranges throughout the study (Table 6) .
DISCUSSION
Horses maintained a near 0 P balance. Although 5 of the 6 diets resulted in negative balances, those values are not different from the diet that resulted in positive balance (HIGH). These were mature animals in the maintenance phase of the life cycle so an appropriate neutral balance was expected. Negative balances are obtainable when animals are fed above their requirement for a nutrient with a normal level of endogenous loss of the same nutrient. Horses were being fed above their estimated requirement of approximately 13 g P/d (NRC, 2007) that was established largely from studies using growing horses and ponies, and this may have contributed to the large fecal P losses. Phosphorus balance, and therefore the AD, could also have been affected by the average BW loss of nearly 22 kg between periods 1 and 6 (464 ± 8 vs. 443 ± 11 kg) associated with calorie restriction to prevent horses from reaching BCS that were considered hazardous. Horses were already being fed above maintenance levels. Decreases in total body mass depress the maintenance requirement for P and, therefore, likely result in less P being absorbed and excess P being expelled into the feces. However, because this BW change only represented about 5% of overall body mass, its effects were probably minor. The negative P balances and P AD likely indicate mature gelding horses have a low P requirement and were, therefore, excreting a large portion of dietary P in addition to their normal level of endogenous P loss. Other researchers have reported low P balances in mature horses. Van Doorn et al. (2004) reported low P balances (0.4 to 5.6 g/d) in mature horses that were fed 18 to 44 g P/d. Similarly, horses fed 28 to 33 g P/d (Patterson et al., 2002) or 20 g P/d (MorrisStoker et al., 2001) had reported P balances of 3 to 6 g P/d and 3 to 4.2 g P/d, respectively.
The digestibility of P was not affected by phytase supplementation. This may be due to the fact that diets contained relatively low amounts of phytate. Any additional P liberated from phytate may not have had a large enough effect on overall P balance. The increase in phytate balance from the HIGH to the HIGH + Phy diet may have been due to the greater phytate intake on the HIGH + Phy diet. The lack of effects on P balance could also be due to the level of phytase activity in the diet as, perhaps, greater levels of activity would result in differences in P balance. However, Van Doorn et al. (2004) reported no differences in P balance when mature horses were fed hay and a textured ration consisting of oat, corn, wheat bran, and rice bran with and without supplementation of 740 FTU phytase (Natuphos, 5000 Liquid; DSM Food Specialties, Delft, The Netherlands)/ kg. When mature horses were fed 300, 600, or 900 FTU phytase (Natuphos 600; BASF, Wyandotte, WI)/kg on top of a grass hay and grain diet of corn, oats, and soybean meal, no effect of enzyme supplementation was observed on P digestibility (Patterson et al., 2002) . In yearling horses fed grass hay and various concentrates, including whole oats, sweet feed, a pelleted concentrate, and alfalfa cubes, phytase supplementation at 1,500 FTU (Alltech, Nicholasville, KY)/g was found to have no effect on P digestibility (Hainze et al., 2004) .
Although these factors could play a role in whether phytase is effective in increasing P availability in equine diets, a more probable explanation exists as to why most researchers fail to detect benefi ts from supplementing phytase to horses. The high AD of phytate in this study indicates that horses are capable of degrading phytate, probably because of the microbial population in the hindgut. The hindgut of the horse serves many similar functions as the rumen in ruminants. Phytate is quickly hydrolyzed in the rumen (Reid et al., 1947) because of the high phytase activity of the microbes present (Raun et al., 1956 ). Phytate P is considered almost completely available to dairy cattle (Morse et al., 1992; NRC, 2001) whereas sheep are reported to absorb 78 to 81% of the phytate P in cereal and vegetable protein sources (Field et al., 1984) .
If P was liberated from phytate by the microbes in the hindgut, P absorption would be improved but only if P was absorbed in the hindgut of the horse. In the ruminant (Pfeffer et al., 1970; Reinhardt et al., 1988; Khorasani et al., 1997) , swine (Moore and Tyler, 1955a,b) , and human (Gropper et al., 2005) , the main site of P absorption is the small intestine. Schryver et al. (1972) determined that the main site of P absorption in the horse is the dorsal large colon and small colon. Their fi ndings supported those of Alexander (1962) , as P concentrations were greater in the large intestine than in the small intestine, presumably because of the various secretions associated with digestion. This greater concentration may serve as the primary buffer in the dorsal colon for the relatively larger proportion of VFA produced in the hindgut than the stomach and small intestine whereas bicarbonate is the primary buffer system in the cecum and ventral colon (Alexander, 1963) . This indicates that a mechanism would exist to reabsorb P from these secretions before they were expelled in the feces. Additionally, Matusi et al. (1999) observed the same pattern of P secretion and absorption as Schryver et al. (1972) . Horses probably absorb the P in feedstuffs not bound to phytate in the small intestine. The additional site of absorption, postcecum, is likely why there was no difference in P balance observed between phytase supplemented and nonsupplemented diets. Horses are already capable of releasing P from phytate via the microbes in the hindgut, and this P is then available for absorption in the hindgut.
Similarly, in dairy cattle, McDowell et al. (2008) found that the total P in feces was greater than feed. Leytem and Thacker (2010) found the ability to hydrolyze phytate in the gut did not relate to the phytate or phytase in the grains they used and that the 1 Con = control diet; Con + Phy = Con plus phytase diet; HIGH = high P diet; HIGH + Phy = HIGH plus Phy diet; For = forage diet; and For + Phy = For plus Phy diet.
2 Phy vs. NP = all Phy diet vs. non-Phy diets, and HF vs. LF = 2 high For vs. 4 low For diets. Serum Mg, mg/dL 1.9 1.9 2.0 1.9 1.9 2.0 0.1 1.8 to 2.7 1 Con = control diet; Con + Phy = Con plus phytase diet; HIGH = high P diet; HIGH + Phy = HIGH plus Phy diet; For = forage diet; and For + Phy = For plus Phy diet.
2 Merck Veterinary Manual (1998).
degradation of phytate was not related to endogenous phytase in swine. Horses remained in a positive Ca balance, and there was no effect of phytase supplementation on Ca AD. This is in contrast to Van Doorn et al. (2004) where horses fed alfalfa meal, wheat bran, and rice bran had improved Ca AD with phytase supplementation. Phytate does form insoluble salts with Ca that reduce the availability of both Ca and P. Differences in the results of these studies may be due in part to the greater Ca intakes of 87 to 116 g/d in this study vs. 69 g Ca/d fed by Van Doorn et al. (2004) . Greater intake levels could mask any effects of phytase releasing Ca from phytate. Horses differ from ruminants in that they absorb a greater percentage of dietary Ca; this is regulated by large urinary outputs of Ca that are not observed in ruminants (Schryver et al., 1983) . The fact that Ca and P are not absorbed in a 2:1 ratio is partially explained by this very high absorption and excretion of Ca observed in the horse. Therefore, the large urinary Ca outputs and relatively greater Ca AD than P AD were expected.
The mature horses in this study maintained a near 0 Mg balance on all diets. A near zero balance was expected as these were mature maintenance animals. Horses were receiving 15 to 24 g Mg/d, which exceeds the suggested requirement of 7 g/d (NRC, 2007) . The low balances resulted in an average Mg AD of 0.8% that was lower than 50 to 53% reported by Hintz et al. (1984) when mature ponies were fed alfalfa hay and oats. It is also less than that reported by Sturgeon et al. (2000) when mature horses were fed alfalfa hay, which resulted in a Mg AD of 58% at greater intake levels of 72 mg·kg BW -1 ·d -1 compared with the 43 to 45 mg·kg BW -1 ·d -1 horses received in this study. It has been shown that high P diets decreased Mg AD in ponies from 50 to 36% (Hintz and Schryver, 1972b) . Differences in AD of Mg may be related to health, Mg status, and trial differences. There was no effect of phytase supplementation on Mg digestibility in the present study, which agrees with a previous study (Van Doorn et al., 2004 ).
This study demonstrates that feeding mature maintenance horses above their requirement for P results in greater P outputs with no apparent benefi t to the horse. There was no effect on P, phytate, Ca, or Mg output or their digestibilities because of the phytase supplementation. Theoretically, if phytase is to be a functional feed additive for horses, diets must contain low amounts of P, with P supplied in the form of phytate. Research is needed to determine if P balance in horses receiving high cereal grain concentrate (greater than the 40% used in this study) and low forage diets would be affected by phytase supplementation, as more phytate P would be present in the diet. However, these data indicate that horses are already capable of degrading phytate, and any additional benefi t to be derived from phytase supplementation may not be cost effective. The most effective way to decrease P output to the environment would, therefore, be to design low P diets, but more research is needed to make these practical for the horse industry.
